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What is this presentation about ?

Here | shortly resume my understanding of the QEq
implementation in Lammps.

In addition | write my questions on what | do not
understand, so to be hopefully helpful to others.

| refer to the case geq/slater since | am interested in that.



Quick Resume
of Theory



Theory of the Algorithm - 01

The electrostatic energy 1s given by:

1 i
E=:=Eﬂ'l'z,qs"xi"'ﬁ'zqs"qj"hj (14.1)
i ij
The electrostatic interaction is given bv:
Vii = fdﬂr,-fd‘q'rj . F'":T"q‘}'r; Pilrs: ;) (14.2)
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The atomic charge density distribution in a generic point of space 15 assumed as slater 1s
orhital:

pilr, @) =Z;-8(r —mi) + (@ — Z3) - fi(r — i) (14.3)

The function f is expressed as:

fillr — i) = % el (14.4)



Theory of the Algorithm

With these, the terms in eqn.(14.1) become: chizjli

En = (neglected since included intg/the non-electrostatic pair)

Xi = I,I-] +[Z Zi-(lilf:] - |f:-|_fj-]}]=~ (just short range)
I

Vij = 08+ [flf;
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Theory of the Algorithm

The minimum of eqn.(14.1) will be reached under the condition of %, g = 0 when:

Y Vg = Bp—Xa
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G = Y Vil-(n—xj)
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The system in eqn.(14.11) is solved in two subsystems:

Y Vigrs = b= —x
3

Z.L-rl_il '!
j

-y = —1

They are solved in Lammps one after the other.
s and t are fictitions charges. The final charge 1= given hy:

*I:'=-5‘:'—F'ti=5:'—§i_'::'




Theory of the Algorithm

To make the code faster a pre-conditionig can be done on Vij by considering only the its
short-ranged part:

Vij = Vij—s+ V1 (14.17)
Vij—s = JV.8; (14.18)
Vija = Lfilf] (14.19)

F}J_-_lsz Hdia_inv[i] = 1/J" = 1/etalitvpe]



Questions



Question - 01

Inclusive
. 3 of both
H in lammps = Vij here short and
The complete H from theory would be  V5; Jo. dyi K [fil £5] long-ranged

The short-ranged terms of the matrix H is computed in the subroutine calculate_H:

se* (ci_jfi - ci_fifj);

etmp1
(ci_fifj + erfer*rinv); |

etmp2

o 1 erfe
H.t-’ﬂi[ﬂlﬁu] = kc +|=} ([fl fj_iﬂ:z'c: - T + f )

Why is this factor %2 here ?
It is not present in the equation ...




Question - 02

These seem just the short-ranged terms of the electrostatic potential.
Where are the long-ranged terms (in reciprocal space?) computed ?

| couldn’t find them ...
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Question - 03

In the function sparse_matvec, the matrix H is multiplied by x and the result

stored in q.
The final expression is:

qli]

Factor %2 of Question-01

(This comes from the variable woself)

Where does this term come from ?

Why does the erfc appears twice in this expression ?
Where is the long-ranged (reciprocal space) term here ?
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Question - 04

In the file fix_geq_slater.cpp is also a function called
calculate_H_wolf

But in the examples online this is not invoked.

What is that for ?
In what case is it invoked ?
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Thank you
for your help



